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OBJECTIVE: To use the Free Electron Laser to perform a study of the
nonlinear and time-resolved = optical properties of engineered
semiconductor nanostructures, including pump-probe experiments involving
intersubband resonances in the valence band or in the conduction band of
quantum wells; to compare the experimental results to theoretical
predictions; to assess the feasibility of mid-infrared optical devices
using these effects.
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SUMMARY :

Asymmetric, p-doped GaAs/AlGaAs quantum wells are grown and
characterized by conventional techniques. The second harmonic
generation (SHG) from these quantum wells is measured as a function of
wavelength, polarization and power. After removing the contribution
from the substrate, the amplitude and phase of the SHG signal is plotted
versus wavelength and compared to the predictions of a first-principles
theory.

Experiments have been conducted on several multiple quantum well
AlGaAs/GaAs structures with the following characteristics: the doping is
p-type (2 10*® cm™®), the well width is 6 or 7 monolayers, the well is
asymmetric (m GaAs monolayers and n Al ,Ga ;As monolayers, with M=6, n-1,
m=5, n=1; m=5, n=2; m=4, n=2), the barrier is 4 nm of AlAs, the total
multiple quantum well thickness is between 1 and 2 im, and the substrate
is GaAs. FTIR spectra showed weak peaks in the region from A <4 Um to >
5 pm, depending on the sample, and in broad 'agreement with simple
bandstructure calculations. The band-to-band PL spectra of the samples
were consistent with a bandgap in the red part of the visible spectrum,
due to the large quantization energy in both valence band and conduction
band. Summarizing the key results from the SHG experiments, we found,
for the first time, a clear enhancement of the signal compared to the
bulk GaAs reference near resonance. The magnitude of the enhancement
was 10 at resonance and decreased with increasing detuning. Unlike what
is known of SHG at 10.6 Mm in n-type GaAs quantum wells, the symmetry
properties of the SHG were identical in the dquantum wells and in the
bulk. A theoretical investigation of SHG in our structures performed by
Prof. Jaros and his group (university of Newcastle, UK) showed excellent
qualitative and acceptable quantitative agreement with our results.

Our results are the first ever such measurements involving the valence
band. This research program is important because it gives information
that allows precise control of the effective mass and wavefunction by
changing the quantum well size, composition and strain. 1In addition, it
may lead to improved optical and optoelectronic devices in a region of
the spectrum where devices such as photodetectors or modulators are not
as performant as in the visible or near infrared. These devices in turn
can be used to detect and manipulate the FEL beam, for example in
medical studies using the FEL.

The transient bleaching is measured in p-doped InGaAs/AlGaAs quantum
wells as a function of temperature, laser wavelength and intensity. The
results are modeled using analytical calculations involving confined
phonons.

We have performed the first subpicosecond time-resolved bleaching on p-
doped, strained InGaAs/AlGaAs quantum wells, using ‘the pump-probe
configuration. The signal recovery occurs on a lpsec time scale and
depends on temperature and laser intensity, but not laser wavelength.
We have interpreted these results as a direct measurement of the initial
hot hole-phonon scattering time. The results of these studies have led
to several publications.
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We have performed extensive measurements and preliminary calculations of
the carrier dynamics in doped InGaAs square quantum wells. We have
performed pump-probe measurements with a resonant pump (tuned to the n=1
to n=2 intersubband maximum) and either a resonant probe or a near
bandgap probe (tuned near transition from the n=1 valence band level to
the n=1 conduction band level). The excited electrons relax on a time
scale of 1-2 psec, but the relaxation is complex (i.e., non-exponential)
especially when a large fraction of the cold electrons are promoted to a
higher subband by the pump pulse. This is the first observation of the
complete excited carrier "history" following intersubband pumping.

Our results are the most extensive study of the carrier dynamics in the
mid-infrared. We expect that it will help engineers and device
physicists to build faster and more efficient optical and optoelectronic
devices in a region of the spectrum where devices such as photodetectors
or modulators are not as efficient as in the visible or near-infrared.
These devices in turn can be used to detect and manipulate the FEL beam,
for example in medical studies using the FEL. They should also find uses
in applications such as pollution detection, high speed communications
from satellite to satellite, manipulation of chemical reactions, and
countermeasures. C
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